Abstract: We consider the non-adiabatic pulse compression of a cascaded third order soliton propagating in three consecutive optical fiber segments, each of which has a convex dispersion profile with two zero-dispersion wavelengths.
Introduction
Recently, we have proposed a high-degree pulse compression scheme with soliton orders N=2, 3, 4, and 5 in two or three consecutive nonlinear fiber segments with different second-order dispersion coefficients [1] . The three-stage second or third order soliton compression can give a compression factor as high as 87.5 (with 26.8% pedestal energy) and 599.7 (with 58.8% pedestal energy). The suggested compression scheme has significant advantages over the widely reported adiabatic pulse compression and higher-order soliton compression methods. Specifically, the adiabatic pulse compression requires a long dispersion decreasing fiber and the compression factor is limited to � 20, whereas the higher-order soliton compression suffers from significant pedestal generation. For example, in the higher order soliton compression, the optimal compression of an N=15 soliton gives a compression factor of 60, but up to 80% of the pulse energy is wasted in the pedestal [2] . The results on the non-adiabiatic scheme advocated in [1] were based on an ideal fiber model which includes only the second order dispersion and self-phase modulation [I] . However, for ultrashort pulses « 1 ps), higher-order dispersion and nonlinear effects must be included. In this paper, the generalized nonlinear Schrodinger equation (GNLSE) is used to model the cascaded higher order soliton compression in nonlinear fibers with convex dispersion profile. The convex dispersion profile provides an accurate description of the chromatic dispersion over the whole frequency range, thus allowing for a comprehensive theoretical treatment of the non-adiabatic compression process and scheme. Typical dispersion-flattened and dispersion decreasing fiber (DFDDF) also has a convex curvature in its dispersion profile. Compared to DFDDF, the cascading of fiber segments with convex dispersion profile but constant dispersion along the fiber length greatly reduces the manufacture difficulties and provides a much simpler engineering design in practice.
Theoretical model
The GNLSE, which is widely used in the modeling of ultrashort optical pulse, can be written as [3] :
where A(z, t ) is the field envelope, 'i,l md = 11 (j)o and OJ" is the center frequency, f3m and r are the m-th order dispersion and nonlinear coefficient of the fiber respectively. M represents the order up to which dispersive effects are included. The Raman response function is R(t)=(1-h)5(t) +fnh n (t), where h =0.18 and h)S determined from the experimental fused silica Raman cross-section [4] . Here, we introduce a dispersion characteristic ( D(A) ) , which is a convex function of wavelength that has two zero-dispersion wavelengths,
where A" is the pump wavelength. The chromatic dispersion D( A) was analytically integrated with respect to A and m so it could be transformed into {3(m) and substituted into Eg. (1).
High-degree pulse compression
For the proposed compression scheme, the input pulse is a hyperbolic secant pulse sech(t/To) where To is the initial pulse width parameter. Here, we assume that the nonlinear coefficient r is the same for the three fibers (r = 2/W/km), and N1=N2=N3=3, where Nj (i=I, 2, and 3) is the soliton order in the first, second and third fiber segment. Table I gives the detailed fiber design, when /32" i = I, 2, and 3, is the second order dispersion coefficient for pump wavelength An ( Table 1 follows the design rules in [I] . In the following, we consider the cascaded N=3 soliton compression in the three fiber segments, each of which has a convex dispersion profile as expressed by Eg. (2) . Here, we assume D2 remains the same in all three fibers. The values of f32i and Li (i=I, 2, 3) are given in Table l . , the compression factor is smaller for a shorter input pulse, because the higher order effects are more severe for a shorter input pulse. In the extreme case that D2=0, the initial pulses with different FWHM have a similar compression factor and amount of pedestal, and the difference between different initial pulses is smaller in terms of compression factor and pedestal generation when compared to the result for D2;t0 . Figure 2 shows the final compressed pulse when D2=-0.0001 ps/nmJ/km (solid line) or D2=-0.0005 ps/nml/km (dashed line) in both (a) linear and (b) logarithmic scales when the FWHM of the initial pulse is lOps. We note that a smaller ID21 is preferred for larger compression factor and smaller pedestal. logarithmic scales when the FWHM of initial pulse is 10 ps.
Conclusions
We have studied the high-degree pulse compression of the cascaded third order soliton in an optical fiber with a convex dispersion profile using the generalized nonlinear Schrodinger equation. The convex dispersion profile provides an accurate description of the dispersion over the whole frequency range, thus allowing for a comprehensive theoretical treatment of the cascaded third order soliton compression when ultrashort pulses «1 ps) are considered. Using the more realistic dispersion profile, we have shown that a 10 ps input pulse can be compressed to as short as 20 fs. Moreover, the required input power is significantly lower than that of other pulse compression techniques for the same compression factor. We believe the cascaded higher soliton compression in the convex dispersion profile is a good candidate for the high quality ultrashort pulse generation.
